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THIN FILM TRANSISTOR DEVICE, 
DISPLAY DEVICE AND METHOD OF 

FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Semiconductor device 
such as a thin film transistor (TFT), a method of fabricating 
the Same, a display device Such as a liquid crystal display 
(LCD), and a method of fabricating the same. 

2. Description of the Background Art 
A thin film transistor (hereinafter referred to as a poly 

crystalline Silicon TFT) employing a polycrystalline Silicon 
film which is formed on a transparent insulating Substrate as 
an active layer is recently being developed as each pixel 
driving element (pixel driving transistor) for an active 
matrix LCD. 
The polycrystalline Silicon TFT advantageously has larger 

mobility and higher drivability as compared with a thin film 
transistor employing an amorphous Silicon film as an active 
layer. When such polycrystalline silicon TFTs are employed, 
therefore, an LCD of high performance LCD can be imple 
mented while not only a pixel part (display part) but a 
peripheral driving circuit (driver part) can be integrally 
formed on the same Substrate. 

In such a polycrystalline silicon TFT, the polycrystalline 
Silicon film for Serving as an active layer can be formed by 
a method of directly depositing the polycrystalline Silicon 
film on the Substrate, a method of forming an amorphous 
Silicon film on the Substrate and thereafter polycrystallizing 
the same, or the like. 

The method of directly depositing the polycrystalline 
Silicon film on the Substrate has a relatively simple Step of 
depositing the film by CVD, for example, under a high 
temperature, for example. 
On the other hand, the amorphous silicon film which is 

deposited on the Substrate is thereafter polycrystallized by 
Solid-phase crystallization in general. This Solid-phase crys 
tallization is adapted to polycrystallize the amorphous sili 
con film in a Solid State by performing a heat treatment, for 
obtaining the polycrystalline Silicon film. 
An example of Such Solid-phase crystallization is now 

described with reference to FIGS. 31 and 32. 

Step A (see FIG.31): An amorphous silicon film is formed 
on an insulating Substrate 51 of quartz glass, for example, by 
general low pressure CVD, and a heat treatment is per 
formed in a nitrogen (N) atmosphere at a temperature of 
about 900 C., thereby solid-phase growing the amorphous 
Silicon film and forming a polycrystalline Silicon film 52. 

The polycrystalline silicon film 52 is worked into a 
prescribed shape by photolithography and dry etching by 
RIE, to be employed as an active layer of a thin film 
transistor. 
A Silicon oxide film for Serving as a gate insulating film 

53 is deposited on the polycrystalline silicon film 52 by low 
pressure CVD. 

Step B (see FIG.32): A polycrystalline silicon film 55 is 
deposited on the gate insulating film 53 by low pressure 
CVD, an impurity is implanted into this polycrystalline 
Silicon film, and a heat treatment is performed for activating 
the impurity. 

Then, a silicon oxide film 54 is deposited on the poly 
crystalline silicon film by normal pressure CVD, and there 
after the polycrystalline Silicon film and the Silicon oxide 
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2 
film 54 are worked into prescribed shapes by photolithog 
raphy and dry etching by RIE. The polycrystalline silicon 
film is employed as a gate electrode 55. 

Then, an impurity is implanted into the polycrystalline 
Silicon film 52 by Self alignment through the gate electrode 
55 and the silicon oxide film 54 serving as masks, for 
forming Source/drain regions 56. 

This method is called a high temperature process Since 
high temperatures of about 900 C. are employed for the 
Solid-phase crystallization and the impurity activation, and 
has Such an advantage that the treatment time can be 
Shortened when a Substrate Such as a quartz Substrate, for 
example, having a high insulation property is employed. 

However, Such a Substrate having a high insulation prop 
erty is high-priced, while a relatively low-priced glass 
Substrate unpreferably causes heat distortion. In recent 
years, therefore, development is generally made in a low 
temperature proceSS which allows the employment of the 
glass Substrate. 

In particular, improvement of performance is indispens 
able in a TFT which is a driving device. Therefore, various 
attempts have been made in order to improve the quality of 
the material forming the TFT and the like through the low 
temperature process. 

For example, a technique of forming a polycrystalline 
Silicon thin film, for example, by excimer laser annealing 
with a Starting material of an amorphous Silicon film has 
been developed as a technique of improving the quality of an 
active layer material influencing the device characteristics. 

However, the laser annealing disadvantageously requires 
a long time for the crystallization process, Since a beam 
operation must be repeatedly performed. In case of employ 
ing only a laser beam as a heat Source, the laser annealing 
requiring a long time must also be performed for activating 
an impurity region, for example, in addition to the poly 
crystallization process, and hence the total process time is 
increased to reduce the throughput of Such a TFT device or 
an LCD device employing the TFT. 

SUMMARY OF THE INVENTION 

An object of the present invention to enable a low 
temperature process with employment of a low-priced 
Substrate, for reducing the cost for fabricating a thin film 
transistor or a liquid crystal display. 

Another object of the present invention is to improve the 
throughput in fabrication of a thin film transistor or a liquid 
crystal display by fabricating a high-quality polycrystalline 
Silicon film in a short time. 

Still another object of the present invention is to fabricate 
a Semiconductor device having excellent quality with a 
homogeneously activated impurity region. 
A further object of the present invention is to fabricate a 

Semiconductor device having a high-quality Semiconductor 
film in a short time. 

A further object of the present invention is to provide a 
display device Such as an LCD device having excellent 
display performance. 
A further object of the present invention is to prevent 

deformation of a Substrate in a heat treatment. 
A further object of the present invention is to prevent warp 

and breakage of a Substrate in case of employing RTA (rapid 
thermal annealing) as a heat treatment. 
A method of fabricating a thin film transistor according to 

a first aspect of the present invention is adapted to Set the 
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temperature for a heat treatment for crystallizing an active 
layer which is formed on a Substrate is Set at a level not 
deforming the substrate, for example 600-700 C., for 
activating an impurity by a heat treatment method which is 
different from that employed for this heat treatment. 

According to the first aspect of the present invention, 
polycrystallization of an amorphous Silicon film and activa 
tion of an impurity region can be performed by properly 
combining the heat treatment method employing a tempera 
ture not deforming the Substrate, laser annealing and RTA 
with each other, whereby the fabrication time is shorted as 
compared with a method of performing both of polycrys 
tallization and activation by laser annealing. 

According to a preferred embodiment of the first aspect, 
the method comprises the Steps of forming an amorphous 
Silicon film on an insulating Substrate, heat treating the 
amorphous Silicon film by laser annealing or RTA (rapid 
thermal annealing) employing a temperature not deforming 
the Substrate thereby forming a polycrystalline Silicon film, 
forming a gate electrode on the polycrystalline Silicon film 
through a gate insulating film, forming an impurity region in 
the polycrystalline Silicon film, and activating the impurity 
region by rapid heating employing RTA or laser annealing. 

According to this method, a number of Substrates can be 
Simultaneously treated in Solid-phase crystallization. 

In the first aspect of the present invention, the amorphous 
Silicon film may contain microcrystals. When Such an amor 
phous Silicon film containing microcrystals is polycrystal 
lized by Solid-phase crystallization, the crystal growth can 
be completed in a short time. 

In the first aspect, the gate electrode may have at least the 
amorphous Silicon film, and may be crystallized by the heat 
treatment for activating the impurity. In this method, crys 
tallization of the amorphous Silicon film and activation of 
the impurity are performed at once, whereby the treatment 
time is shortened as compared with a method of performing 
these operations independently of each other. 

In the first aspect, the gate electrode may have a two-layer 
Structure of at least a Silicon film and a metal or metal 
Silicide film, and may be reduced in resistance by the heat 
treatment for activating the impurity. According to this 
method, reduction of resistance of the two-layer Structure of 
the Silicon film and the metal or metal silicide film and 
activation of the impurity are performed at once, whereby 
the treatment time is shorted as compared with the case of 
Separately performing these operations. 

The gate electrode comprising the two-layer Structure of 
a Silicon film and a metal or metal Silicide film may be 
provided So that reduction in resistance of the gate electrode 
and activation of the impurity region are Simultaneously 
performed by RTA or laser annealing. 

In the first aspect, light irradiation heat from a lamp may 
be employed as a heat source for the RTA. This lamp may 
be formed by an Xenon arc lamp. A heat treatment which is 
more Suitable for activation of the impurity can be per 
formed by employing Such a lamp. 
A thin film transistor fabricated by the method of fabri 

cating a thin film transistor according the first aspect of the 
present invention can be employed as each pixel driving 
element of a liquid crystal display. Alternatively, the thin 
film transistor can be employed as each peripheral driving 
circuit element of the liquid crystal display. Thus, an excel 
lent liquid crystal display can be fabricated in a short time. 
A Semiconductor device according to a Second aspect of 

the present invention comprises a heat absorption film which 
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4 
is formed on a Substrate, a Semiconductor film which is 
formed on the heat absorption film, a gate electrode which 
is formed on the Semiconductor film through a gate insu 
lating film, and an impurity region which is formed in the 
Semiconductor film, and the heat absorption film is provided 
within a region Substantially corresponding to the Semicon 
ductor film. 

According to the Second aspect, a Semiconductor device 
having an impurity region of a homogeneously activated 
State can be obtained due to the presence of the heat 
absorption film. 

In the Second aspect, an insulating film may be provided 
between the heat absorption film and the Semiconductor 
film. 

In the Second aspect, the heat absorption film may be 
provided in a size and within a region Substantially corre 
sponding to a channel region in the Semiconductor film. 
Thus, the function of the heat absorption film properly acts 
on a necessary portion, So that no bad influence is exerted on 
the remaining portion Such as the Substrate, for example. 

In the Second aspect, the heat absorption film may be 
made of a conductive material Such as a metal or metal 
Silicide, or a Semiconductor material Such as Silicon. Thus, 
the device can be electroStatically shielded against ions 
which are present in the Substrate Since the heat absorption 
film is made of a conductive or Semiconductor material. 

In the Second aspect, the heat absorption film may have a 
Shading property. When the Semiconductor device is 
employed for a display device Such as an LCD, the quantity 
of light directly entering the Semiconductor device can be 
reduced due to the shading property of the heat absorption 
film. 

In the Second aspect, the Substrate may be a transparent 
Substrate. 

The Semiconductor device according to the Second aspect 
of the present invention can be employed as at least one of 
each pixel driving element or each peripheral driving circuit 
element of a liquid crystal display. Thus, an excellent display 
device can be obtained. 

A method of fabricating a Semiconductor device accord 
ing to a third aspect of the present invention is adapted to 
provide a Semiconductor film for Serving as an active layer 
of a transistor on a Substrate through a heat absorption film, 
and to activate an impurity region provided in the Semicon 
ductor film by a heat treatment. 

According to the fabrication method of the third aspect, a 
Semiconductor device having an impurity region which is in 
an excellently and homogeneously activated State can be 
obtained. 

According to a preferred embodiment of the present 
invention, the method comprises the Steps of forming a heat 
absorption film on a transparent Substrate, forming a Semi 
conductor film on the heat absorption film, forming a gate 
electrode on the Semiconductor film through a gate insulat 
ing film, forming an impurity region in the Semiconductor 
film, and activating the impurity region by a heat treatment, 
and the heat absorption film being provided within a region 
Substantially corresponding to the Semiconductor film. 

According to another preferred embodiment of the present 
invention, the method comprises the Steps of forming a heat 
absorption film on a transparent Substrate, working the heat 
absorption film into a prescribed shape, covering the heat 
absorption film with an insulating film, forming a Semicon 
ductor film for Serving as an active layer of a transistor on 
the insulating film, forming a gate electrode on the Semi 
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conductor film through a gate insulating film, forming an 
impurity region in the Semiconductor film, and activating the 
impurity region by a heat treatment, and the heat absorption 
film being provided within a region Substantially corre 
sponding to the Semiconductor film. 

In the third aspect, the Semiconductor film may be pre 
pared by polycrystallizing an amorphous Silicon film by a 
heat treatment. 

In the third aspect, the heat treatment may be performed 
by laser annealing. 

In the third aspect, the heat absorption film may be made 
of a conductive material Such as a metal or metal Silicide, or 
a Semiconductor material Such as Silicon. The device can be 
electroStatically Shielded against ions which are present in 
the Substrate by preparing the heat absorption film from a 
conductive or Semiconductor material. 

The heat absorption film may have a shading property. 
Thus, the quantity of light directly entering the Semicon 
ductor device can be reduced when the Semiconductor 
device is applied to a display device Such as an LCD. 
RTA may be employed as the heat treatment. In this case, 

the impurity can be activated in a short time without 
influencing the Substrate. 

The heat source for RTA can be formed by a xenon arc 
lamp. In this case, heat absorption can be efficiently per 
formed. 

A Semiconductor device fabricated by the method accord 
ing to the third aspect of the present invention can be 
employed as at least one of each pixel driving element and 
each peripheral driving circuit element of a liquid crystal 
display. Thus, an excellent display device can be fabricated 
in a short time. 
A Semiconductor device according to a fourth aspect of 

the present invention comprises a plurality of Semiconductor 
elements which are integrated on a Substrate. Heat absorp 
tion films are provided between the substrate and the semi 
conductor elements, and an area or film thickness of each 
heat absorption film is relatively reduced in a portion where 
a relatively large number of the Semiconductor elements are 
provided, while an area or film thickness of each heat 
absorption film is relatively increased in a portion where a 
relatively Small number of the Semiconductor elements are 
provided, in accordance with the distributed state of the 
Semiconductor elements on the Substrate. 

According to a preferred embodiment of the fourth aspect, 
a plurality of Semiconductor Switching elements are inte 
grated on a Substrate, and each Semiconductor Switching 
element comprises a heat absorption film which is formed on 
the Substrate, a semiconductor film which is formed on the 
heat absorption film, a gate electrode which is formed on the 
Semiconductor film through a gate insulating film, and an 
impurity region which is formed in the Semiconductor film. 
An area or film thickness of each heat absorption film is 
relatively reduced in a portion where a relatively large 
number of the Semiconductor Switching elements are 
provided, while an area or film thickness of each heat 
absorption film is relatively increased in a portion where a 
relatively Small number of the Semiconductor Switching 
elements are provided, in accordance with the distributed 
State of the Semiconductor Switching elements on the Sub 
Strate. 

In the fourth aspect, the heat absorption effects of the heat 
absorption films can be adjusted by changing the areas 
and/or the thicknesses of the heat absorption films. 

In the fourth aspect, the heat absorption effects of the heat 
absorption films can be adjusted by providing Semiconduc 
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6 
tor Switching elements having no heat absorption films and 
changing the ratio of presence of Such Semiconductor 
Switching elements. 

Each of the heat absorption films in the fourth aspect can 
be prepared from a film which is Similar to those according 
to the Second and third aspects. 
A display device according to the fourth aspect of the 

present invention is a driver-integrated display device com 
prising a pixel part and a peripheral driving circuit part 
which are formed on the same substrate. This display device 
comprises pixel driving elements which are provided in the 
pixel part and peripheral driving circuit elements which are 
provided in the peripheral driving circuit part, and the pixel 
driving elements and the peripheral driving circuit elements 
are formed by Semiconductor Switching elements. Each 
Semiconductor Switching element comprises a heat absorp 
tion film which is formed on the Substrate, a Semiconductor 
film which is formed on the heat absorption film, a gate 
electrode which is formed on the semiconductor film 
through a gate insulating film, and an impurity region which 
is formed on the Semiconductor film. A ratio of area or film 
thickness of the heat absorption film relative to the semi 
conductor film in the pixel part is adjusted to be larger than 
that of the heat absorption film in the peripheral driving 
circuit part. 
The pixel part and the peripheral driving circuit part can 

be provided on one of a pair of Substrates which are opposed 
to each other through a liquid crystal layer. Each of the heat 
absorption films can be formed by a film which is similar to 
those of the Second and third aspects. 
The heat absorption effects of the heat absorption films 

can be adjusted by changing the areas or thicknesses of the 
heat absorption films. 

Alternatively, the heat absorption effects of the heat 
absorption films can be adjusted by providing Semiconduc 
tor Switching elements having no heat absorption films and 
changing the ratio of presence of these Semiconductor 
Switching elements. 
A method of fabricating a Semiconductor device accord 

ing to a fifth aspect of the present invention employs RTA for 
a heat treatment in a process of forming a Semiconductor 
element on a Substrate, and heating by RTA is performed in 
a plurality of times, while the heating temperature is 
increased Stepwise from the initial time toward the final 
time. 

According to a preferred embodiment of the fifth aspect, 
the fabrication method comprises the Steps of forming a 
Semiconductor film on a Substrate, forming a gate electrode 
on the Semiconductor film through a gate insulating film, 
forming an impurity region in the Semiconductor film, and 
activating the impurity region by a heat treatment through 
RTA, while heating by RTA is performed a plurality of times 
and the heating temperature is increased Stepwise from the 
initial time toward the final time. 
The foregoing and other objects, features, aspects and 

advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view for illustrating a fabrication step 
in a first embodiment according to the first aspect of the 
present invention; 

FIG. 2 is a Sectional view for illustrating a fabrication Step 
in the first embodiment according to the first aspect of the 
present invention; 
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FIG. 3 is a sectional view for illustrating a fabrication step 
in the first embodiment according to the first aspect of the 
present invention; 

FIG. 4 is a sectional view for illustrating a fabrication step 
in the first embodiment according to the first aspect of the 
present invention; 

FIG. 5 is a sectional view for illustrating a fabrication step 
in the first embodiment according to the first aspect of the 
present invention; 

FIG. 6 is a sectional view for illustrating a fabrication step 
in the first embodiment according to the first aspect of the 
present invention; 

FIG. 7 is a sectional view for illustrating a fabrication step 
in the first embodiment according to the first aspect of the 
present invention; 

FIG. 8 is a sectional view for illustrating a fabrication step 
in the first embodiment according to the first aspect of the 
present invention; 

FIG. 9 is a sectional view for illustrating a fabrication step 
in the first embodiment according to the first aspect of the 
present invention; 

FIG. 10 is a sectional view for illustrating a fabrication 
Step in the first embodiment according to the first aspect of 
the present invention; 

FIG. 11 is a sectional view for illustrating a fabrication 
Step in the first embodiment according to the first aspect of 
the present invention; 

FIG. 12 is a sectional view for illustrating a fabrication 
Step in the first embodiment according to the first aspect of 
the present invention; 

FIG. 13 is a sectional view for illustrating a fabrication 
Step in the first embodiment according to the first aspect of 
the present invention; 

FIG. 14 is a sectional view for illustrating a fabrication 
Step in the first embodiment according to the first aspect of 
the present invention; 

FIG. 15 is a sectional view for illustrating a fabrication 
Step in the first embodiment according to the first aspect of 
the present invention; 

FIG. 16 is a sectional view for illustrating a fabrication 
Step in the first embodiment according to the first aspect of 
the present invention; 

FIG. 17 is a block diagram showing an active matrix 
LCD; 

FIG. 18 is an equivalent circuit diagram of a pixel part; 
FIG. 19 is a sectional view for illustrating a fabrication 

Step in a Second embodiment according to the first aspect of 
the present invention; 

FIG. 20 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 21 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 22 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 23 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 24 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 
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8 
FIG. 25 is a sectional view for illustrating a fabrication 

Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 26 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 27 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 28 is a sectional view for illustrating a fabrication 
Step in the Second embodiment according to the first aspect 
of the present invention; 

FIG. 29 is a block diagram showing an excimer laser 
annealing device; 

FIG. 30 is a block diagram of an RTA device; 
FIG. 31 is a Sectional view showing an exemplary con 

ventional fabrication Step; 
FIG. 32 is a Sectional view showing an exemplary con 

ventional fabrication Step; 
FIG. 33 is a sectional view for illustrating a fabrication 

Step in an embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 34 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 35 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 36 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 37 is a Sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 38 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 39 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 40 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 41 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; 

FIG. 42 is a sectional view for illustrating a fabrication 
Step in the embodiment according to the Second to fifth 
aspects of the present invention; and 

FIG. 43 is a sectional view showing the structure of a 
pixel part of an LCD according to an embodiment of the 
present invention. 

FIG. 44 is a plan View showing an exemplary region for 
forming a heat absorption film according to the present 
invention. 

FIG. 45 is a plan View showing another exemplary region 
for forming a heat absorption film according to the present 
invention. 

FIG. 46 is a plan view for describing ratios of heat 
absorption films in a pixel part, a peripheral driving circuit 
part, and the other region on a Substrate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment according to the first aspect of the 
present invention is now described with reference to FIGS. 
1 to 18. 



5,771,110 
9 

Step 1 (see FIG. 1): An insulating thin film 1a of SiO or 
SiN is formed on a Substrate 1 of quartz glass or no-alkali 
glass by CVD or Sputtering. In the concrete, the Substrate 1 
is prepared from 7059 by Corning Inc., and an SiO, film of 
3000 to 5000 A in thickness is formed on its Surface at a 
formation temperature of 350° C. by normal or low pressure 
CVD. 

This SiO film must have such a thickness that no 
impurity passes through the SiO film to diffuse into an 
upper layer from the Substrate 1 in a later Step of a heat 
treatment or irradiation with a beam. This thickness is 
properly selected in the range of 1000 to 6000 A, and an 
excellent diffusion preventing effect can be attained when 
the thickness is in the range of 2000 to 6000 A, most 
properly in the range of 2000 to 3000 A. 
When the insulating thin film 1a is prepared from SiN., on 

the other hand, the thickness of this film is properly selected 
in the range of 1000 to 5000 A, and an excellent diffusion 
preventing effect can be attained when the thickneSS is in the 
range of 2000 to 5000 A, most properly in the range of 2000 
to 3000 A. 

Step 2 (see FIG. 2): An amorphous silicon film 2a of 500 
A in thickness is formed on the insulating thin film 1a. When 
the amorphous Silicon film 2a is employed as an active layer 
of a polycrystalline TFT, the OFF-state current of the TFT is 
increased if the thickness of the active layer is too large 
while the ON-state current is reduced if the thickness is too 
small. Therefore, the thickness of the amorphous silicon film 
2a is properly selected in the range of 400 to 800 A, and 
excellent characteristics are attained when the thickness is in 
the range of 500 to 700 A, most properly in the range of 500 
to 600 A. 

The amorphous silicon film 2a is formed in the following 
C 

(1) With employment of low pressure CVD. In order to 
form the amorphous silicon film 2a by low pressure CVD, 
thermal decomposition of monosilane (SiH) or disilane 
(SiH) is employed. When monosilane is employed, the 
film becomes amorphous when the treatment temperature is 
not more than 550 C., or becomes polycrystalline when the 
treatment temperature is in excess of 620 C. In the treat 
ment temperature range of 550 to 620 C., the ratio of 
amorphous materials including microcrystals is increased, 
while the film approaches an amorphous State and the ratio 
of the microcrystals is reduced as the temperature is reduced. 
Thus, the amount of microcrystals contained in the amor 
phous Silicon film 2a can be adjusted by Simply changing the 
temperature condition. 

(2) With employment of plasma CVD. In order to form 
the amorphous silicon film 2a by plasma CVD, thermal 
decomposition of monosilane or disilane in a plasma is 
employed. 

In practice, plasma CVD is employed for forming an 
amorphous Silicon film containing no microcrystals with 
employment of monosilane gas under a temperature of 350 
C 

Step 3 (see FIG.3): The surface of the amorphous silicon 
film 2a is irradiated and Scanned with a Krf excimer laser 
beam having a wavelength ) of 248 nm to be annealed, 
melted and recrystallized for forming a polycrystalline sili 
con thin film 2. 

The laser conditions for this Step are an annealing atmo 
sphere of not more than 1x10" Pa, a substrate temperature 
in the range of the room temperature to 600 C., irradiation 
energy density of 100 to 500 m.J/cm, and a scanning rate of 
1 to 10 mm/sec. (in practice, the film can be Scanned at a rate 
in the range of 0.1 to 100 mm/sec.). 
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10 
The Krf laser beam may be replaced with an XeCl 

excimer laser beam having a wavelength) of 308 nm. In this 
case, the laser conditions are an annealing atmosphere of not 
more than 1x10" Pa, a substrate temperature in the range of 
the room temperature to 600 C., irradiation energy density 
of 100 to 500 m.J/cm, and a scanning rate of 1 to 10mm/sec. 
(in practice, the film can be Scanned at a rate in the range of 
0.1 to 100 mm/sec.). 

Alternatively, an Arf excimer laser beam having a wave 
length 2 of 193 nm may be employed. In this case, the laser 
conditions are an annealing atmosphere of not more than 
1x10" Pa, a substrate temperature in the range of the room 
temperature to 600 C., irradiation energy density of 100 to 
500 m.J/cm, and a scanning rate of 1 to 10 mm/sec. 

In any case, the grain size of polycrystalline Silicon is 
increased in proportion to the irradiation energy density and 
the number of irradiation times, and hence the energy 
density and the number of irradiation times may be adjusted 
to attain a desired grain size. 

According to this embodiment, high throughput laser 
irradiation is employed for the excimer laser annealing. 
Referring to FIG. 29, numeral 101 denotes a KrF excimer 
laser unit, numeral 102 denotes a reflecting mirror for 
reflecting a laser beam from the laser unit 101, and numeral 
103 denotes a laser beam control optical system for working 
the laser beam received from the reflecting mirror 102 into 
a prescribed State and applying the same to a Substrate 1. 

In Such a structure, the high throughput laser irradiation is 
adapted to apply the laser beam which is worked in the form 
of a sheet of 150 mm by 0.5 mm by the laser beam control 
optical system 103 by Superposing a plurality of pulses with 
each other, for completely Synchronizing Stage Scanning 
with pulse laser irradiation and irradiating the Substrate with 
the laser beam in Superposition of extremely high accuracy, 
thereby improving the throughput. 

Step 4 (see FIG. 4): The polycrystalline silicon film 2 is 
worked into a prescribed shape by photolithography and dry 
etching by RIE, to be employed as an active layer of a thin 
film transistor. 

Then, an LTO film (low temperature oxide film: silicon 
oxide film) 3 of 1000 A in thickness for Serving as a gate 
insulating film is formed on the polycrystalline Silicon film 
2 by low pressure CVD through a load locking low pressure 
CVD apparatus. 

Step 5 (see FIG. 5): An amorphous silicon film4a of 2000 
A in thickness is deposited on the gate insulating film 3 by 
low pressure CVD. This amorphous silicon film 4a is doped 
with an impurity (arsenic or phosphorus Serving as an 
N-type impurity, or boron Serving as a P-type impurity) in 
formation thereof. Alternatively, the film 4a may be depos 
ited in a non-doped State, So that the impurity is thereafter 
implanted into the Same. 

Then, a tungsten silicide (WSi) film 4b of 1000 A in 
thickness is formed on the amorphous Silicon film 4a by 
Sputtering. In the Sputtering an alloy target of W Silicide is 
employed. While the stoichiometric composition of W sili 
cide (WSi) is X=2, the composition of the alloy target is set 
at XZ2. If the composition of the W silicide film 4b is close 
to X=2, extremely high tensile StreSS takes place in a later 
treatment step and the W silicide film 4b may be cracked or 
separated. However, the resistance value of W silicide is 
minimized in case of X=2, and hence the upper limit of X 
must be set to cause neither cracking nor Separation. 
A silicon oxide film 5 is deposited on the W silicide film 

4b by normal pressure CVD, and thereafter the polycrystal 
line silicon film 4a, the W silicide film 4b and the silicon 
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oxide film 5 are worked into prescribed shapes by photoli 
thography and dry etching by RIE. The amorphous Silicon 
film 4a is employed as a gate electrode 4 of a polycide 
structure, along with the W silicide film 4b. 

Step 6 (see FIG. 6): An impurity is implanted into the 
polycrystalline Silicon film 2 by Self alignment through the 
gate electrode 4 and the Silicon oxide film 5 Serving as 
masks, thereby forming Source/drain regions 6. 

Step 7 (see FIG. 7): A silicon oxide film is deposited on 
the gate insulating film 3 and the silicon oxide film 5 by 
normal pressure CVD and anisotropically etched back 
overall, thereby forming side walls 7 on side portions of the 
gate electrode 4 and the silicon oxide film 5. Further, the side 
walls 7 and the silicon oxide film 5 are covered with a resist 
film 8, and an impurity is implanted into the polycrystalline 
Silicon film 2 again by Self alignment through the resist film 
8 Serving as a mask, thereby forming an LDD (lightly doped 
drain) structure. 

Step 8 (see FIG. 8): In this state, rapid heating is per 
formed by RTA (rapid thermal annealing). 

Referring to FIG. 30, numeral 105 denotes a heat source 
for emitting sheet-type annealing light, which is formed by 
vertically opposing a pair of Xenon (Xe) arc lamps 106 and 
a pair of reflecting mirrorS 107 covering the same to each 
other. Numeral 108 denotes rollers for carrying a substrate 
1, numeral 109 denotes a preheater for preheating, and 
numeral 110 denotes an auxiliary heater for preventing the 
heated Substrate 1 from being cracked by abrupt cooling. 

In Such a structure, the Substrate 1 is preheated by the 
preheater 109, and thereafter heat treated through the sheet 
type annealing light source 105. 

The RTA conditions for this operation are a heat source of 
an Xe arc lamp, a temperature of 700 to 950° C. (pyrometer 
indicated value), an N atmosphere, and a time of 1 to 3 
Seconds. Although the heating by RTA is performed at a high 
temperature, this Step can be completed in an extremely 
short time and hence the Substrate 1 is not deformed. 

In order to avoid abrupt application of a high temperature 
to the substrate 1, RTA may be performed a plurality of 
times. In this case, RTA is performed for 1 to 3 seconds 
every time, and the temperature is increased Stepwise from 
400° C. for the initial time to 700 to 950 C. for the final 
time. 

The light heat from the Xe arc lamp is more Strongly 
absorbed in an amorphous part and a Silicide part as com 
pared with a polycrystalline part, and hence only necessary 
portions can be Selectively heated. Thus, this Step is Suitable 
for reducing the resistance of a (gate) wire and activating the 
impurity. 
Due to the rapid heating, the impurity in the Source/drain 

regions 6 is activated and the amorphous Silicon film 4a is 
polycrystallized, while the sheet resistance of the gate elec 
trode 4 in a polycide Structure by the polycrystalline Silicon 
film 4a and the WSilicide film 4b is reduced to about 20 to 
22 CD/ 

Further, the sheet resistance of the activated Source/drain 
regions 6 is also reduced to 1 to 1.5 k2/O in case of an N 
type or 1 to 1.2 kS2/O in case of a P type, equivalently to a 
high temperature heat treatment by a diffusion furnace 
employed in a high temperature process. 
A thin film transistor (TFT) A is formed through this step. 
Step 9 (see FIG. 9): The resist film 8 is removed, and 

thereafter an interlayer insulating film 9 consisting of a 
layered structure of a plasma oxide film of 2000 A in 
thickness and a silicon oxide film of 2000 A formed by 
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normal CVD is formed on the overall Surface of the device. 
If the interlayer insulating film 9 is formed only by the 
silicon oxide film by normal CVD, the deposition thickness 
may be So inhomogeneous that overhangs are formed and Al 
etc. employed in a later Step is not removed but tends to 
remain to cause imperfect insulation. When the Silicon oxide 
film is deposited under the normal pressure after deposition 
of the plasma Oxide film according to this embodiment, on 
the other hand, the growth rate of the silicon oxide film is 
Stabilized and its deposition thickness is homogenous. 

In particular, the plasma Oxide film is deposited in a 
homogeneous thickness along the irregularity of the Sub 
Strate Surface, whereby the total thickness of the interlayer 
insulating film 9 is homogeneously stabilized. 
The deposition conditions for the plasma Oxide film are a 

deposition temperature of 390° C., an RF output of 500 W, 
an SiH flow rate of 500 sccm, an oxygen flow rate of 1500 
Sccm and a pressure of 9 Torr, and those for the Silicon oxide 
film deposition by normal pressure CVD are a deposition 
temperature of 400° C., and a carrier N gas flow rate of 
3000 cc. 

Then, the device is heated in a hydrogen (H) atmosphere 
at a temperature of 450° C. for 12 hours, and further 
Subjected to a hydrogen plasma treatment. Due to Such 
hydrogenation, hydrogen atoms are bonded to crystal defect 
portions of the polycrystalline Silicon film So that the crystal 
structure is stabilized and field effect mobility is improved. 

Thereafter contact holes 10 are formed in the interlayer 
insulating film 9 by photolithography and dry etching by 
RIE, to be in contact with the source/drain regions 6. 

Step 10 (see FIG. 10): A wiring layer consisting of a 
layered structure of Ti/Al-Si alloy/Ti is deposited by 
magnetron Sputtering, and worked into Source/drain elec 
trodes 11 by photolithography and dry etching by RIE. 

Step 11 (see FIG. 11): A silicon oxide film (or a silicon 
nitride film) 12 for Serving as a protective layer is thinly 
deposited on the overall surface of the device by CVD. 

Step 12 (see FIG. 12): An SOG (spin on glass) film 13 is 
applied onto the Overall Surface of the device three times, for 
flattening the irregular Surface of the device. 

Step 13 (see FIG. 13): Since the SOG film 13 has inferior 
resist Separability and tends to absorb moisture, a Silicon 
oxide film (or a silicon nitride film) 14 is further thinly 
deposited on the SOG film 13 by CVD, for serving as a 
protective layer. 

Step 14 (see FIG. 14): A contact hole 15 communicating 
with the Source/drain electrodes 11 is formed in the silicon 
oxide film 12, the SOG film 13 and the silicon oxide film 14 
by photolithography and dry etching by RIE, and an ITO 
(indium tin oxide) film 16 for Serving as a pixel electrode is 
deposited on the overall Surface of the device by Sputtering. 

Step 15 (see FIG. 15): In order to finally work the ITO 
film 16 into an electrode shape, a resist pattern is formed on 
the ITO film 16, which in turn is etched by RIE employing 
hydrogen bromide gas (HBr), and the gas is Switched to 
chlorine gas (Cl-) when exposure of the Silicon oxide film 14 
is Started, for continuously performing the etching to the last 
as Such. 

Step 16 (see FIG. 16): After one TFT substrate of an LCD 
is formed in the aforementioned manner, a transparent 
insulating substrate 18 which is provided with a common 
electrode 17 on its Surface is opposed thereto and a liquid 
crystal layer 19 is formed by sealing liquid crystals between 
the substrates 1 and 18, thereby completing a pixel part 20 
of the LCD. 
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FIG. 17 is a block diagram showing an active matrix LCD 
in this embodiment. 

Scanning lines (gate wires) G1 ... Gn, Gn+1 ... Gm and 
data lines (drain wires) D1 . . . Dn, Dn+1 . . . Dm are 
arranged on the pixel part 20. The gate wires and the drain 
wires interSect with each other, So that pixels 21 are provided 
on the interSections. The gate wires are connected to a gate 
driver 22, So that gate signals (Scan signals) are applied 
thereto. On the other hand, the drain wires are connected to 
a drain driver (data driver) 23, So that data Signals (video 
Signals) are applied thereto. These drivers 22 and 23 form a 
peripheral driving circuit 24. 
An LCD prepared by forming at least one of the drivers 

22 and 23 on the same substrate as the pixel part 20 is 
generally called a driver-integrated LCD (LCD having built 
in drivers). In this LCD, the gate driver 22 or the drain driver 
23 may be provided on each end of the pixel part 20. 
A polycrystalline silicon TFT which is prepared in a 

similar manner to the polycrystalline silicon TFT (A) is 
employed also as each Switching element of the peripheral 
driving circuit 24, and this TFT is formed on the same 
Substrate in parallel with preparation of the polycrystalline 
TFT (A). The polycrystalline silicon TFT for the peripheral 
driving circuit 24 is not in an LDD Structure, but in a general 
Single drain Structure. However, this polycrystalline Silicon 
TFT may alternatively have the LDD structure, as a matter 
of course. 

The polycrystalline silicon TFT of the peripheral driving 
circuit 24 is formed in a CMOS structure, thereby imple 
menting dimensional reduction of the driverS 22 and 23. 

FIG. 18 illustrates an equivalent circuit of the pixel 21 
provided on the interSection between the gate wire Gn and 
the drain wire Dn. 

The pixel 21 is formed by a TFT, which is similar to the 
thin film transistor A, for Serving as a pixel driving element, 
a liquid crystal cell LC, and a storage capacitance Cs. The 
gate and the drain of the TFT are connected to the gate wire 
Gn and the drain wire Dn respectively. Further, a display 
electrode (pixel electrode) of the liquid cell LC and the 
Storage capacitance (additional capacitance) Cs are con 
nected to the Source of the TFT. 
A signal Storage element is formed by the liquid crystal 

cell LC and the Storage capacitance Cs. A voltage Vcom is 
applied to a common electrode, which is opposite to the 
display electrode, of the liquid crystal cell LC. On the other 
hand, a constant Voltage VR is applied to an electrode of the 
Storage capacitance Cs which is opposite to the Side con 
nected with the Source of the TFT. The common electrode of 
the liquid crystal cell LC is literally common to all pixels 21. 
An electrostatic capacitance is formed between the display 
electrode and the common electrode of the liquid crystal cell 
LC. In the Storage capacitance CS, the electrode opposite to 
the side connected with the source of the TFT may be 
connected with the adjacent gate wire Gn--1. 
When the gate wire Gn is set at a positive Voltage and the 

positive Voltage is applied to the gate of the TFT in the pixel 
21 having the aforementioned structure, the TFT is turned 
on. Then, the electroStatic capacitance of the liquid crystal 
cell LC and the Storage capacitance Cs are charged with the 
data signal which is applied to the drain wire Dn. When the 
gate wire Gn is Set at a negative Voltage and the negative 
Voltage is applied to the gate of the TFT, on the other hand, 
the TFT is turned off so that the voltage currently applied to 
the drain wire Dn is held by the electrostatic capacitance of 
the liquid crystal cell LC and the Storage capacitance Cs. 
Thus, it is possible to make the pixel 21 hold an arbitrary 
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data Signal by Supplying a data Signal to be written in the 
pixel 21 to the drain wire and controlling the Voltage of the 
gate wire. The transmittance of the liquid crystal cell LC is 
varied with the data signal held by the pixel 21, thereby 
displaying a picture. 

Important characteristics of the pixel 21 are writability 
and holdability. Required for the writability is the point 
whether or not a desired Video signal Voltage can be Suffi 
ciently written in the signal storage element (the liquid 
crystal cell LC and the Storage capacitance Cs) in a unit time 
which is Set in relation to the Specification of the pixel part 
20. On the other hand, required for the holdability is the 
point whether or not the Video signal Voltage once written in 
the Signal Storage element can be held by a necessary time. 
The Storage capacitance CS is adapted to increase the 

electroStatic capacitance of the Signal Storage element 
thereby improving the writability and the holdability. The 
liquid crystal cell LC is limited in increase of the electro 
Static capacitance, due to its Structure. Thus, the Storage 
capacitance CS is adapted to compensate for the insufficient 
electroStatic capacitance of the liquid crystal cell LC. 
A Second embodiment according to the first aspect of the 

present invention is now described with reference to FIGS. 
19 to 28. Portions equivalent to those described with refer 
ence to the first embodiment are denoted by the same 
reference numerals, to omit redundant description. In the 
Second embodiment, Steps corresponding to the StepS 1 to 8 
of the first embodiment are different, and hence only these 
StepS are described. 

Step (1) (see FIG. 19): AW silicide film 41 is formed on 
a Substrate 1. 

Step (2) (see FIG. 20): The W silicide film 41 is worked 
into the same pattern as a polycrystalline Silicon film Serving 
as an active layer of a transistor. 

Step (3) (see FIG. 21): An insulating thin film 1a of SiO, 
or SiN is formed by CVD or sputtering, to cover the 
Substrate 1 and the W silicide film 41. 

Step (4) (see FIG. 22): An amorphous silicon film 2a is 
formed on the insulating thin film 1a. 

Step (5) (see FIG. 23): The surface of the amorphous 
silicon film 2a is scanned with a KrE excimer laser beam to 
be annealed, melted and recrystallized for forming a poly 
crystalline silicon thin film 2. 
The KrF excimer laser beam may be replaced with an 

XeCl excimer laser beam or an Arf excimer laser beam. 

Step (6) (see FIG. 24): The polycrystalline silicon film 2 
is worked into a prescribed shape by photolithography and 
dry etching by RIE, to be employed as an active layer of a 
thin film transistor. 

Then, an LTO film 3 for Serving as a gate insulating film 
is formed on the polycrystalline Silicon film 2. 

Step (7) (see FIG. 25): An amorphous silicon film 4a is 
deposited on the gate insulating film 3. 

Then, a W silicide film 4b is formed on the amorphous 
silicon film 4a. 

A silicon oxide film 5 is deposited on the W silicide film 
4b, and thereafter the polycrystalline silicon film 4a, the W 
silicide film 4b and the silicon oxide film 5 are worked into 
prescribed shapes by photolithography and dry etching by 
RIE. The amorphous Silicon film 4a is employed as a gate 
electrode 4 of a polycide structure, along with the WSilicide 
film 4b. 

Step (8) (see FIG. 26): Asilicon oxide film is deposited on 
the gate insulating film 3 and the silicon oxide film 5 by 
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normal preSSure CVD, and anisotropically etched back 
overall, thereby forming side walls 7 on side portions of the 
gate electrode 4 and the silicon oxide film 5. 

Then, phosphorus (P) ions are implanted as an impurity 
by Self alignment through the Side walls 7 Serving as masks, 
under conditions of an acceleration voltage of 80 KeV and 
a dosage of 3x10" "f, for forming low concentration 
impurity regions 6 a. 

Step (9) (see FIG. 27): The side walls 7 and the silicon 
oxide film 5 are covered with a resist film 8, and phosphorus 
(P) ions are implanted as an impurity by Self alignment again 
through the resist film 8 Serving as a mask under conditions 
of an acceleration voltage of 80 KeV and a dosage of 1x10" 
cm for forming high concentration impurity regions 6b, 
thereby forming source/drain regions 6 of an LDD (lightly 
doped drain) structure. 

Step (10) (see FIG. 28): In this state, rapid heating is 
performed by RTA, similarly to the first embodiment. 

Light heat from an Xe arc lamp is more Strongly absorbed 
in an amorphous part and a Silicide part as compared with a 
polycrystalline part, and hence only necessary portions can 
be selectively heated. Thus, this step is Suitable for reducing 
the resistance of a (gate) wire and activating the impurity. 

Particularly in this embodiment, the W silicide film 41 is 
formed in correspondence under the polycrystalline Silicon 
film 2. This W silicide film 41 has a function of absorbing 
the heat in RTA, and the impurity contained in the poly 
crystalline Silicon film 2 is activated also by radiation heat 
from the W silicide film 41 absorbing heat. Namely, the 
polycrystalline Silicon film 2 is directly and indirectly heated 
by the heat from the Xe arc lamp and the radiation heat from 
the W silicide film 41, so that the overall polycrystalline 
Silicon film 2 is homogeneously heated and the activation is 
excellently performed with no dispersion. 

The size of the W silicide film 41 may be basically 
identical to or larger than that of the polycrystalline Silicon 
film 2, while the W silicide film 41 is more preferably 
adjusted to have an area corresponding to the size of an 
in-plane pattern. 

In an integrated Semiconductor device, pattern irregularity 
is caused on its substrate. If W silicide films 2 are equally 
provided on respective transistors, therefore, thermal 
absorptivity per unit area is varied with the position and the 
heat treatment cannot be homogeneously performed, while 
the temperature may be extremely increased in a portion 
where the WSilicide films 41 are concentrated, to deform the 
Substrate 1. 
When the density per unit area of heat absorption films 

arranged as lower layerS is rendered Substantially constant 
regardless of patterns formed on upper layers, therefore, it is 
possible to eliminate displacement in temperature distribu 
tion in activation by RTA. In the concrete, the pixel part of 
a driver-integrated LCD panel has a higher transistor density 
than the driver part, and hence the temperature distribution 
of the overall Substrate 1 can be Substantially homogenized 
by increasing the size of each Wsilicide film 41 correspond 
ing to each transistor of the driver part as compared with that 
in the pixel part. 

The LCD panel is preferably so adjusted that about 10% 
of the circuit area is occupied by W silicide films 41. 

Through this step, a polycrystalline silicon TFT (thin film 
transistor) A is formed. 

According to this embodiment, the polycrystalline Silicon 
TFT can be fabricated in the so-called low temperature 
process, with employment of a high-quality polycrystalline 
Silicon film as an active layer. 
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According to an experiment made by the inventor, it has 

been proved possible to implement transistors of high per 
formance with mobility un of at least 200 cm/Vs in an 
n-channel MOS polycrystalline silicon TFT and mobility up 
of at least 150 cm/Vs in a p-channel MOS polycrystalline 
Silicon TFT. 

Such a high performance TFT is sufficiently applicable to 
an LCD panel for displaying NTSC television signals requir 
ing mobility un of 50 cm/Vs or up of 20 cm /Vs, for 
example, and can attain characteristics of mobility un of 50 
cm/Vs or up of 20 cm /Vs, a threshold voltage of 2 V (n 
channel) or -5 V (p channel), an S value (sub-threshold 
Swing value) of 0.2 V/decade, and an ON-OFF ratio of 
1x107. 
The drivability of the TFT is improved due to the high 

mobility, whereby the size of the TFT can be reduced to not 
more than /s (W/L=8/5um) as compared with a conven 
tional transistor (W/L=34/10 um) employing an active layer 
of amorphous Silicon. Due to the high-quality active layer, 
further, a leakage current is small in an OFF state of the 
transistor, and the area of the Storage capacitance can be 
reduced to not more than /3. 

In the concrete, a high numerical aperture of 55% (1.5 
times as compared with the prior art) can be attained in a size 
2.4 type panel with high concentration pixels of at least three 
times the conventional panel at pixel pitches of 50.0 (H) tum 
by 150 (V) um and a pixel number of 2,300,000 dots (320x3 
(RGB)x240), thereby implementing improvement in lumi 

CC. 

The aforementioned embodiment can be modified as 
follows, to attain functions and effects similar to the above: 

1) The Substrate 1 can also be formed by an ordinary glass 
plate or the like, depending on conditions. 

2) In the Step 2 or (4), the amorphous Silicon film 2a is 
deposited by low pressure CVD with monosilane gas, for 
example, at a temperature of 580 C. Thus, the amorphous 
Silicon film 2a contains microcrystals. 
When the amorphous Silicon film 2a containing microc 

rystals is polycrystallized by Solid-phase crystallization, the 
crystal growth can be completed in a short time although the 
mobility is slightly reduced due to the reduction of the 
crystal grain sizes. 

3) In the step 2 or (4), the amorphous silicon film 2a is 
formed not by low pressure CVD or plasma CVD but by any 
one of a group consisting of normal pressure CVD, photo 
excitation CVD, vapor deposition, EB (electron beam) 
deposition, MBE (molecular beam epitaxy), and Sputtering. 

4) A portion of the polycrystalline Silicon film 2 corre 
sponding to a channel region is doped with an impurity, for 
controlling the threshold voltage (Vth) of the polycrystalline 
silicon TFT. In a polycrystalline silicon TFT formed by 
Solid-phase crystallization, the threshold Voltage tends to 
shift in a depression direction in case of an N-channel 
transistor, or in an enhancement direction in case of a 
P-channel transistor. This tendency further remarkably 
appears when hydrogenation is performed. In order to Sup 
preSS Such shifting of the threshold Voltage, the channel 
region may be doped with an impurity. 

5) The step 3 or (5) is replaced with the following step: 
Step 3a: A heat treatment is performed in an electric 

furnace in a nitrogen (N2) atmosphere at a temperature of 
about 600 C. for about 20 hours, thereby forming the 
polycrystalline Silicon film 2 by Solid-phase crystallization 
of the amorphous Silicon film 2a. 

6) In the polycrystalline silicon film 2 formed in the step 
3a, a number of defects Such as dislocations are present in 
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crystals forming the film while amorphous parts may remain 
between the crystals, to result in a high leakage current. 

After the step 3a, therefore, the Substrate 1 is rapidly 
heated by RTA or laser annealing, for improving the film 
quality of the polycrystalline Silicon film 2. 

7) The electric furnace can treat a number of substrates at 
once although the same requires a longer time as compared 
with laser irradiation, and hence each of the steps 5) and 6) 
Substantially has high throughput. Therefore, the Subsequent 
heat treatment for activating the impurity regions, for 
example, may be performed by laser beam annealing, in 
place of RTA. The RTA has such an advantage that the 
treatment can be completed in a short time, while the laser 
annealing has Such an advantage that sheet resistance can be 
reduced Since the temperatures of the impurity regions can 
be increased to high levels. 

8) In the step 5, (1) or (7), the W silicide film 4b or 41 is 
formed by PVD Such as vacuum deposition, ion plating, ion 
beam deposition, a cluster ion beam method or the like, in 
place of Sputtering. Also in this case, the composition of W 
silicide (WSi) is set at XZ-2 for a reason similar to that for 
the aforementioned Sputtering. 

9) In the step 5, (1) or (7), the W silicide film 4b or 41 is 
formed by CVD. The source gas therefor may be prepared 
from tungsten hexafluoride (WF) and silane (SiH). The 
film forming temperature is set at about 350 to 450° C. Also 
in this case, the composition of W silicide (WSi) is set at 
X>2 for a reason similar to that for the aforementioned 
Sputtering. The CVD is Superior in Step coverage to the 
PVD, whereby the thickness of the Wsilicide film 4b can be 
further homogenized. 

10) In place of W silicide employed for the gate electrode, 
high melting point metal Silicide Such as MoSi, TiSi, TaSi 
or CoSi, or a high melting point metal Such as W, Mo, Co, 
Cr, Ti or Ta may be employed. 

11) In the step 9, the plasma oxide film may be replaced 
with a plasma TEOS oxide film employing TEOS (tetraethyl 
orthosilicate or tetraethoxysilane), or the Silicon oxide film 
may be replaced with a normal pressure ozone TEOS oxide 
film. 

Deposition conditions for the plasma TEOS oxide film are 
a deposition temperature of 390 C., an RF output of 500 W, 
a TEOS flow rate of 500 sccm, an oxygen flow rate of 600 
Sccm and a pressure of 9 Torr, and those for the normal 
preSSure oZone TEOS oxide film are a deposition tempera 
ture of 400 C., an RF output of 300W, ozone concentration 
of about 5 wt.%, and a TEOS carrier N gas flow rate of 
3000 cc. 

12) When the plasma TEOS oxide film is exposed to 
nitrogen ions by a plasma treatment with ammonia (NH) 
gas after the Step 11) So that its Surface is nitrided and 
thereafter a normal pressure ozone TEOS oxide film is 
deposited, the growth rate of the silicon oxide film is further 
stabilized. The nitriding conditions are a temperature of 360 
C., an RF output of 500 W, an ammonia flow rate of 100 to 
500 sccm, and an N flow rate of 0 to 400 sccm. In this 
nitriding, ammonia may be replaced with nitrogen. 

13) In place of the W silicide film 41, a semiconductor 
film Such as an amorphous Silicon film or a polycrystalline 
Silicon film is employed. Such a Silicon film may be doped 
with an impurity. When a conductive or semiconductor film 
is employed and a Voltage is applied to this heat absorption 
film, the TFT can be driven as a four-terminal device 
similarly to a MOS transistor which is applied to an LSI for 
controlling the threshold Voltage. When a glass Substrate is 
employed, on the other hand, the transistor can be electro 
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Statically shielded against ions contained in the Substrate, 
and prevented from deterioration of the characteristics 
caused by the ions in the glass Substrate and from a bad 
influence exerted by potentials formed by movable ions. 

14) In place of the W silicide film 41, a film of high 
melting point metal Silicide Such as MoSi, TiSi, TaSi or 
CoSi, or a high melting point metal Such as W, Mo, Co, Cr, 
Ti or Ta may be employed. When the employed temperature 
is low (not more than about 450° C), the so-called low 
melting point metal Such as Al or Au may be employed. 
Such a metal film (including the W silicide film) has a 

property of transmitting no light, whereby the following 
effects are attained: 

a) The film prevents scattering of light and shields the 
liquid crystal cell against unnecessary light obliquely enter 
ing the same, whereby the contrast of the LCD device is 
improved. 

b) The film shields the TFT against light entering the 
Same, whereby a leakage current caused by the light is 
reduced for improving the characteristics of the TFT, while 
deterioration of the TFT itself caused by the light is pre 
vented. 

15) The present invention is applied to not only to a planar 
type TFT but polycrystalline silicon TFTs of all structures 
Such as reverse-planar, Stagger and reverse-stagger type 
TFTS. 

16) The present invention is applied not only to a poly 
crystalline Silicon TFT but to general insulated gate Semi 
conductor devices. Further, the present invention is applied 
to all Semiconductor devices employing polycrystalline sili 
con films Such as photoelectric conversion elements Such as 
a Solar cell and an optical Sensor, a bipolar transistor, a Static 
induction transistor (SIT) and the like. 
An embodiment according to the Second to fifth aspects of 

the present invention is now described with reference to 
FIGS. 33 to 42. 

Step 1 (see FIG.33): A tungstensilicide (WSi) film 62 of 
1000A in thickness, which is adjustable in the range of 50 
to 2000 A, is formed on a substrate 61 of quartz glass or 
no-alkali glass by Sputtering. In the Sputtering, an alloy 
target of W silicide is employed. While the stoichiometric 
composition of Wsilicide (WSi) is X=2, the composition of 
the alloy target is set at XZ2. If the composition of the W 
silicide film 62 is close to X=2, extremely high tensile stress 
takes place in a later treatment Step and the WSilicide film 
62 may be cracked or Separated. However, the resistance 
value of the W silicide is minimized in case of X=2, and 
hence the upper limit of X must be set to cause neither 
cracking nor Separation. 

Step 2 (see FIG.34): The Wsilicide film 62 is worked into 
the same pattern as a polycrystalline Silicon film for Serving 
as an active layer of a transistor as described later, by 
lithography and etching. 

Step 3 (see FIG. 35): An insulating thin film 63 of SiO, 
or SiN is formed by CVD or sputtering, to cover the 
Substrate 61 and the W silicide film 62. In the concrete, the 
Substrate 61 is prepared from no-alkali glass, So that an SiO2 
film of 3000 to 5000 A in thickness is formed on its surface 
by normal or low pressure CVD at a formation temperature 
of 350° C. 

This SiO film must have such a thickness that no 
impurity passes through the SiO film to diffuse into an 
upper layer from the Substrate 61 in a later Step of a heat 
treatment or irradiation with a beam. This thickness is 
properly selected in the range of 1000 to 6000 A, and an 
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excellent diffusion preventing effect can be attained when 
the thickness is in the range of 2000 to 6000 A, most 
properly in the range of 2000 to 5000 A. 
When the insulating thin film 63 is prepared from SiN., on 

the other hand, the thickness of this film is properly Selected 
in the range of 1000 to 5000 A, and an excellent diffusion 
preventing effect can be attained when the thickneSS is in the 
range of 2000 to 5000 A, most properly in the range of 2000 
to 3000 A. 

Step 4 (see FIG. 36): An amorphous silicon film 64a of 
500 A in thickness is formed on the insulating thin film 63. 
When the amorphous silicon film 64a is employed as an 
active layer of a polycrystalline TFT, the OFF-state current 
of the TFT is increased if the thickness of the active layer is 
too large while the ON-state current is reduced if the 
thickness is too small. Therefore, the thickness of the 
amorphous Silicon film 64a is properly Selected in the range 
of 400 to 800 A, and excellent characteristics are attained 
when the thickness is in the range of 500 to 700 A, most 
properly in the range of 500 to 600 A. 

The amorphous silicon film 64a is formed in the follow 
ing manner: 

(1) With employment of low pressure CVD. In order to 
form the amorphous silicon film 64a by low pressure CVD, 
thermal decomposition of monosilane (SiH) or disilane 
(SiH) is employed. When monosilane is employed, the 
film becomes amorphous when the treatment temperature is 
not more than 550 C., or becomes polycrystalline when the 
treatment temperature is in excess of 620 C. In the treat 
ment temperature range of 550 to 620 C., the ratio of 
amorphous materials including microcrystals is increased, 
and the film approaches an amorphous State and the ratio of 
the microcrystals is reduced as the temperature is reduced. 
Thus, the amount of microcrystals contained in the amor 
phous Silicon film 64a can be adjusted by Simply changing 
the temperature condition. 

(2) With employment of plasma CVD. In order to form 
the amorphous silicon film 64a by plasma CVD, thermal 
decomposition of monosilane or disilane in a plasma is 
employed. 

In practice, plasma CVD is employed for forming an 
amorphous Silicon film containing no microcrystals with 
monosilane gas under a temperature of 350° C. 

Step 5 (see FIG.37): The surface of the amorphous silicon 
film 64a is irradiated and Scanned with a KrE excimer laser 
beam having a wavelength ) of 248 nm to be annealed, 
melted and recrystallized for forming a polycrystalline sili 
con thin film 64. 

The laser conditions for this Step are an annealing atmo 
sphere of not more than 1x10" Pa, a substrate temperature 
in the range of the room temperature to 600 C., irradiation 
energy density of 100 to 500 m.J/cm, and a scanning rate of 
1 to 10 mm/sec. (in practice, the film can be Scanned at a rate 
in the range of 0.1 to 100 mm/sec.). 

The KrF laser beam may be replaced with an XeCl 
excimer laser beam having a wavelength) of 308 nm. In this 
case, the laser conditions are an annealing atmosphere of not 
more than 1x10" Pa, a substrate temperature in the range of 
the room temperature to 600 C., irradiation energy density 
of 100 to 500 m.J/cm, and a scanning rate of 1 to 10mm/sec. 
(in practice, the film can be Scanned at a rate in the range of 
0.1 to 100 mm/sec.). 

Alternatively, an Arf excimer laser beam having a wave 
length 2 of 193 nm may be employed. In this case, the laser 
conditions are an annealing atmosphere of not more than 
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1x10" Pa, a substrate temperature in the range of the room 
temperature to 600 C., irradiation energy density of 100 to 
500 m.J/cm, and a scanning rate of 1 to 10 mm/sec. 

In any case, the grain size of polycrystalline Silicon is 
increased in proportion to the irradiation energy density and 
the number of irradiation times, and hence the energy 
density may be adjusted to attain a desired grain size. 

According to this embodiment, the high throughput laser 
irradiation shown in FIG. 29 is employed for this excimer 
laser annealing. 

Step 6 (see FIG. 38): The polycrystalline silicon film 64 
is worked into a prescribed shape by photolithography and 
dry etching by RIE, to be employed as an active layer of a 
thin film transistor. 

Then, an LTO film (low temperature oxide film: silicon 
oxide film) 65 of 1000 A in thickness for Serving as a gate 
insulating film is formed on the polycrystalline Silicon film 
64 by low pressure CVD through a load locking low 
preSSure CVD apparatus. 

Step 7 (see FIG. 39): An amorphous silicon film 66a of 
2000A in thickness is deposited on the gate insulating film 
65 by low pressure CVD. This amorphous silicon film 66a 
is doped with an impurity (arsenic or phosphorus Serving as 
an N-type impurity, or boron Serving as a P-type impurity) 
in formation thereof. Alternatively, the film 66a may be 
deposited in a non-doped State, So that the impurity is 
thereafter implanted into the Same. 

Then, a tungsten silicide (WSi) film 66b of 1000 A in 
thickness is formed on the amorphous silicon film 66a by 
Sputtering. 

Then, a silicon oxide film 67 is deposited on the WSilicide 
film 66b by normal pressure CVD, and thereafter the poly 
crystalline silicon film 66a, the W silicide film 66b and the 
silicon oxide film 67 are worked into prescribed shapes by 
photolithography and dry etching by RIE. The amorphous 
Silicon film 66a is employed as a gate electrode 66 of a 
polycide structure, along with the W silicide film 66b. 

Step 8 (see FIG. 40): A silicon oxide film is deposited on 
the gate insulating film 65 and the silicon oxide film 67 by 
normal pressure CVD and anisotropically etched back 
overall, thereby forming side walls 68 on side portions of the 
gate electrode 66 and the silicon oxide film 67. 

Then, phosphorus (P) ions are implanted into the poly 
crystalline Silicon film 64 as an impurity by Self alignment 
through the Side walls 68 Serving as masks, under conditions 
of an acceleration voltage of 80 KeV and a dosage of 3x10' 
cmf, for forming low concentration impurity regions 69a. 

Step 9 (see FIG. 41): The side walls 68 and the silicon 
oxide film 67 are covered with a resist film 70, and phos 
phorus (P) ions are implanted into the polycrystalline Silicon 
film 64 as an impurity again by Self alignment through the 
resist film 70 serving as a mask under conditions of an 
acceleration voltage of 80 KeV and a dosage of 1x10'" 
for forming high concentration impurity regions 69b, 
thereby forming source/drain regions 69 of an LDD (lightly 
doped drain) structure. 

Step 10 (see FIG. 42): In this state, rapid heating is 
performed by the RTA (rapid thermal annealing) shown in 
FIG. 30. 

The RTA conditions for this operation are a heat source of 
an Xe arc lamp, a temperature of 700 to 950 C. 
(pyrometer), an N atmosphere, and a time of 1 to 3 Seconds. 
Although the heating by RTA is performed at a high 
temperature, this Step can be completed in an extremely 
short time and hence the Substrate 61 is not deformed. 
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In order to avoid abrupt application of a high temperature 
to the substrate 61, RTA may be performed a plurality of 
times. In this case, RTA is performed for 1 to 3 seconds 
every time, and the temperature is increased Stepwise from 
400° C. for the initial time to 700 to 950 C. for the final 
time. 

In more concrete terms, the heating may be performed Six 
times, for example, in a nitrogen (N) atmosphere, So that 
the treatment temperature is increased Stepwise every time. 
For example, the temperature is gradually increased as 400 
C. (pyrometer, identical for the rest) for the initial time (first 
time)->500° C. for the second time->550° C. for the third 
time-s600 C. for the fourth time-s650 C. for the fifth 
time->700° C. for the final time (sixth time). Thus, the 
Substrate 61 can be prevented against warp or breakage. The 
treatment time is 1 to 3 Seconds every time, for example. 

The temperature can be adjusted by not turning on the Xe 
arc lamp 106 but employing the heat of the preheater 109 at 
the initial time and changing the power of the Xe arc lamp 
106 in the range of 1 to 7 KW from the second time. 

Light heat from the Xe arc lamp is more Strongly absorbed 
in an amorphous part and a Silicide part as compared with a 
polycrystalline part, and hence only necessary portions can 
be selectively heated. Thus, this step is Suitable for reducing 
the resistance of a (gate) wire and activating the impurity. 
Further, heating through the W silicide film 62 can also be 
effectively performed, as described later. 
Due to the rapid heating, the impurity in the Source/drain 

regions 69 is activated and the amorphous silicon film 66a 
is polycrystallized, while the Sheet resistance of the gate 
electrode 66 in a polycide structure by the polycrystalline 
silicon film 66a and the W silicide film 66b is reduced to 
about 20 to 22 S2/ 

Further, the sheet resistance of the activated Source/drain 
regions 66 is also reduced to 1 to 1.5 kS2/O in case of an N 
type or 1 to 1.2 kS2/O in case of a P type, equivalently to a 
high temperature heat treatment by a diffusion furnace 
employed in a high temperature process. 

Particularly in this embodiment, the W silicide film 62 is 
formed in correspondence under the polycrystalline Silicon 
film 64. This W silicide film 62 has a function of absorbing 
the heat in RTA, and the impurity contained in the poly 
crystalline silicon film 64 is activated also by radiation heat 
from the W silicide film 62 absorbing heat. Namely, the 
polycrystalline silicon film 64 is directly and indirectly 
heated by the heat from the Xe arc lamp and the radiation 
heat from the W silicide film 62, so that the overall poly 
crystalline Silicon film 64 is homogeneously heated and the 
activation is excellently performed with no dispersion. 
The size and region of the W silicide film 62 may be 

substantially identical to or smaller than that of the poly 
crystalline silicon film 64. The term “substantially” means 
the range including t20%. 

In an integrated Semiconductor device, pattern irregularity 
is caused on its substrate. If W silicide films 62 are equally 
provided on respective transistors, therefore, thermal 
absorptivity per unit area is varied with the position and the 
heat treatment cannot be homogeneously performed, while 
the temperature may be extremely increased in a portion 
where the WSilicide films 62 are concentrated, to deform the 
Substrate 61. 
When the density per unit area of heat absorption films 

arranged as lower layerS is rendered Substantially constant 
regardless of patterns formed on upper layers, therefore, it is 
possible to eliminate displacement in temperature distribu 
tion in activation by RTA. In the concrete, the pixel part of 
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a driver-integrated LCD panel has a higher transistor density 
than the driver part, and hence the temperature distribution 
of the overall substrate 61 can be substantially homogenized 
by increasing the size of each Wsilicide film 62 correspond 
ing to each transistor of the driver part as compared with that 
in the pixel part. 
The LCD panel is preferably so adjusted that about 10% 

of the circuit area is occupied by W silicide films 62. 
Through this step, a polycrystalline silicon TFT (thin film 

transistor) A is formed. 
The Structure of a pixel part of an LCD having a trans 

mission Structure employing the polycrystalline Silicon TFT 
(A) fabricated in the aforementioned manner as each pixel 
driving element with reference to FIG. 43. 

Step 1: In advance of formation of an interlayer insu 
lating film 71, a Storage electrode 72 of a storage capacitance 
consisting of ITO (indium tin oxide) is formed on a pixel 
part region of the Substrate 61 by Sputtering. 

Step 2: An insulating film 73 is formed on the overall 
surface of the device. The insulating film 73 is made of 
Silicon oxide, Silicate glass or Silicon nitride, and formed by 
CVD or PVD. 

Then, contact holes are formed in the insulating film 73 to 
be in contact with Source/drain electrodes 74, an ITO film is 
formed on the overall surface of the device including the 
contact holes, and this ITO film is patterned for forming a 
display electrode 75. 

Step 3: The transparent insulating substrate 61 provided 
with the polycrystalline silicon TFT (A) is opposed to a 
transparent insulating Substrate 77 provided with a common 
electrode 76 on its Surface, and liquid crystals are Sealed 
between the substrates 61 and 71 for forming a liquid crystal 
layer 78. Consequently, a pixel part of the LCD is com 
pleted. 
The pixel part formed in the aforementioned manner can 

be employed as that of the active matrix LCD shown in 
FIGS. 17 and 18. 

In the aforementioned embodiment, the size and region of 
the W silicide film 62 may be substantially identical to or 
smaller than that of the polycrystalline silicon film 64. 

FIG. 44 is a plan View showing the region for providing 
the W silicide film 62 which is the heat absorption film. 
Referring to FIG. 44, the W silicide film 62 is provided in 
the Substantially same region (shown by hatching) as the 
polycrystalline silicon film 64. In the peripheral driving 
circuit part, in which the Semiconductor films are relatively 
concentrated compared to the pixel part, the heat absorption 
film is preferably provided in a Smaller size within the region 
corresponding to the Semiconductor film. 

FIG. 45 is a plan View showing another exemplary region 
of the heat absorption film according to the present inven 
tion. Referring to FIG. 45, the heat absorption film 62 is 
provided only in a channel region 64a (shown by hatching) 
of the polysilicon film. 

In an integrated Semiconductor device, pattern irregularity 
is caused on its Substrate as described above. If W silicide 
films 62 are equally provided on respective transistors, 
therefore, thermal absorption per unit area is varied with the 
position and the heat treatment cannot be homogeneously 
performed, while the temperature may be extremely 
increased in a portion where the W silicide films 62 are 
concentrated, to deform the Substrate 61. 
When the density per unit area of the W silicide films 62 

arranged as lower layerS is rendered Substantially constant 
regardless of patterns formed on upper layers, therefore, it is 
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possible to eliminate displacement in temperature distribu 
tion in activation by RTA. 

In a driver-integrated LCD panel such as that of this 
embodiment, the concentration of the TFTs (A) in the pixel 
part 20 is higher than that in the peripheral driving circuit 
part 24, and hence the temperature distribution of the overall 
Substrate 61 is Substantially homogenized when the area of 
each Wsilicide film 62 corresponding to each TFT(A) of the 
peripheral driving circuit part 24 is increased beyond that in 
the pixel part 20. In the LCD panel, the peripheral driving 
circuit part 24 requires no transmittance, and hence the sizes 
of the WSilicide films 62 can be adjusted in the range of zero 
to the overall region of the peripheral driving circuit part 24. 

FIG. 46 is a plan view for explaining ratios of heat 
absorption films in a pixel part, a peripheral driving circuit 
part, and the other region on a Substrate. AS described above, 
the heat absorption film is preferably provided uniformly 
over the whole substrate 61. In the pixel part 20, the heat 
absorption film is preferably provided in area of 0.01 to 
60%, further preferably 10 to 50% of the whole circuit area. 
In the peripheral driving circuit part 24, the heat absorption 
film is preferably provided in area of 0.01 to 60%, further 
preferably 10 to 50% of the whole circuit area. In the region 
25 other than the pixel part 20 and the peripheral driving 
circuit part 24, the heat absorption film is preferably pro 
vided in area of 0.01 to 60%, further preferably 10 to 50% 
of the whole area. 

In place of changing the areas of the W silicide films 62, 
the thicknesses may be changed. 

The aforementioned embodiment can be modified as 
follows, to attain functions and effects similar to the above: 

1) In place of the Wsilicide film 62, a semiconductor film 
Such as an amorphous Silicon film or a polycrystalline 
Silicon film is employed. Such a Silicon film may be doped 
with an impurity. When a conductive or semiconductor film 
is employed and a Voltage is applied to this heat absorption 
film, the TFT can be driven as a four-terminal device 
similarly to a MOS transistor which is applied to an LSI for 
controlling the threshold Voltage. When a glass Substrate is 
employed, on the other hand, the transistor can be electro 
Statically shielded against ions which are present in the 
Substrate, and prevented against deterioration of character 
istics caused by the ions in the glass Substrate and from a bad 
influence exerted by potentials formed by movable ions. 

2) In place of the Wsilicide film 62, a film of high melting 
point metal Silicide Such as MoSi, TiSi, TaSi or CoSi, or 
a high melting point metal such as W, Mo, Co, Cr, Ti or Ta 
may be employed. When the employed temperature is low 
(not more than about 450° C), the so-called low melting 
point metal Such as Al or Au may be employed. 

Such a metal film (including the W silicide film) has a 
property of transmitting no light, whereby the following 
effects are attained: 

a) The film prevents Scattering of light and shields the 
liquid crystal cell against unnecessary light obliquely enter 
ing the same, whereby the contrast of the LCD device is 
improved. 

b) The film shields the TFT against light entering the 
Same, whereby a leakage current caused by the light is 
reduced for improving the characteristics of the TFT, while 
deterioration of the TFT itself caused by the light is pre 
vented. 

3) In the step 4, the amorphous silicon film 64a is 
deposited by low pressure CVD with monosilane gas, for 
example, at a temperature of 580 C. Thus, the amorphous 
Silicon film 64a contains microcrystals. 
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When an amorphous Silicon film containing microcrystals 

is polycrystallized by Solid-phase crystallization, the crystal 
growth can be completed in a short time although the 
mobility is slightly reduced due to the reduction of the 
crystal grain sizes. 

4) In the step 4, the amorphous silicon film is formed not 
by low pressure CVD or plasma CVD but by any one of a 
group consisting of normal pressure CVD, photoexcitation 
CVD, vapor deposition, EB (electron beam) deposition, 
MBE (molecular beam epitaxy), and Sputtering. 

5) A portion of the polycrystalline silicon film 64 corre 
sponding to a channel region is doped with an impurity, for 
controlling the threshold voltage (Vth) of the polycrystalline 
silicon TFT. In a polycrystalline silicon TFT formed by 
Solid-phase crystallization, the threshold Voltage tends to 
shift in a depression direction in case of an N-channel 
transistor, or in an enhancement direction in case of a 
P-channel transistor. This tendency further remarkably 
appears when hydrogenation is performed. In order to Sup 
preSS Such shifting of the threshold Voltage, the channel 
region may be doped with an impurity. 

6) The step 5 is replaced with the following step: 
Step 5a: A heat treatment is performed in an electric 

furnace in a nitrogen (N2) atmosphere at a temperature of 
about 600 C. for about 20 hours, thereby forming the 
polycrystalline silicon film 64 by solid-phase crystallization 
of the amorphous silicon film 64a. 

7) In the polycrystalline silicon film 64 formed in the step 
5a, a number of defects Such as dislocations are present in 
crystals forming the film while amorphous parts may remain 
between the crystals, to result in a high leakage current. 

After the step 5a, therefore, the substrate 61 is rapidly 
heated by RTA or laser annealing, for improving the film 
quality of the polycrystalline silicon film 64. 

8) In the step 1 or 7, the W silicide film 62 or 66b is 
formed by PVD Such as Vacuum deposition, ion plating, ion 
beam deposition, a cluster ion beam method or the like, in 
place of Sputtering. Also in this case, the composition of W 
silicide (WSi) is set at XZ-2 for a reason similar to that for 
the aforementioned Sputtering. 

9) In the step 1 or 7, the W silicide film 62 or 66b is 
formed by CVD. The source gas therefor may be prepared 
from tungsten hexafluoride (WF) and silane (SiH). The 
film forming temperature is set at about 350 to 450° C. Also 
in this case, the composition of W silicide (WSi) is set at 
X>2 for a reason similar to that for the aforementioned 
Sputtering. The CVD is Superior in Step coverage to the 
PVD, whereby the thickness of the W silicide film can be 
further homogenized. 

10) The present invention is applied to not only to a planar 
type TFT but polycrystalline silicon TFTs of all structures 
Such as reverse-planar, Stagger and reverse-stagger type 
TFTS. 

11) The present invention is applied not only to a poly 
crystalline Silicon TFT but to general insulated gate Semi 
conductor devices. Further, the present invention is applied 
to all Semiconductor devices employing polycrystalline sili 
con films Such as photoelectric conversion elements Such as 
a Solar cell and an optical Sensor, a bipolar transistor, a Static 
induction transistor (SIT) and the like. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 
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What is claimed is: 
1. A Semiconductor device being formed by integrating a 

plurality of Semiconductor elements and a Substrate, Said 
Semiconductor device comprising: 

each said Semiconductor element has a heat absorption 
film provided between Said Substrate and Said Semicon 
ductor elements, and an area or film thickness of Said 
heat absorption film is relatively reduced in a portion 
where a relatively large number of Said Semiconductor 
elements are provided, while an area or film thickness 
of Said heat absorption film is relatively increased in a 
portion where a relatively Small number of Said Semi 
conductor elements are provided, in accordance with a 
distributed State of Said Semiconductor elements on Said 
Substrate. 

2. A Semiconductor device being formed by integrating a 
plurality of Semiconductor Switching elements on a 
Substrate, each said Semiconductor Switching element com 
prising: 

a heat absorption film being formed on Said Substrate; 
an insulating film formed on Said heat absorption film: 
a Semiconductor film being formed on Said insulating 

film; 
a gate electrode being formed on Said Semiconductor film 

through a gate insulating film; and 
an impurity region being formed in Said Semiconductor 

film; 
wherein an area or film thickness of Said heat absorption 

film is relatively reduced in a portion where a relatively 
large number of Said Semiconductor elements are 
provided, while an area or film thickness of Said heat 
absorption film is relatively increased in a portion 
where a relatively Small number of Said Semiconductor 
elements are provided, in accordance with the distrib 
uted State of Said Semiconductor elements on Said 
Substrate. 

3. The Semiconductor device in accordance with claim 1, 
wherein Said area or film thickness of Said heat absorption 
film is So adjusted that heat absorption of Said absorption 
film functions substantially uniformly on said whole Sub 
Strate. 

4. The Semiconductor device in accordance with claim 1, 
wherein Said heat absorption film is made of a conductive 
material Such as a metal or metal Silicide, or a Semiconductor 
material Such as Silicon. 

5. A Semiconductor device being formed by integrating a 
plurality of Semiconductor elements on a Substrate, Said 
plurality of Semiconductor elements comprising a plurality 
of first Semiconductor elements each having a heat absorp 
tion film and a plurality of Second Semiconductor elements 
each not having a heat absorption film; 

wherein Said Second Semiconductor elements are rela 
tively concentrated in a portion where a relatively large 
number of Said Semiconductor elements are provided, 
while Said first Semiconductor elements are relatively 
concentrated in a portion where a relatively Small 
number of Said Semiconductor elements are provided, 
in accordance with the distributed State of Said Semi 
conductor elements on Said Substrate. 

6. A driver-integrated display device having a pixel part 
and a peripheral driving circuit part being formed on the 
Same Substrate, Said driver-integrated display device com 
prising: 

a pixel driving element being provided in Said pixel part; 
and 

a peripheral driving circuit element being provided in Said 
peripheral driving circuit part; wherein 
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26 
Said pixel driving element and Said peripheral driving 

circuit element are formed by Semiconductor Switch 
ing elements, and 

each Said Semiconductor element comprises: 
a heat absorption film being formed on Said 

Substrate, 
an insulating film formed on Said heat absorption 

film: 
a Semiconductor film being formed on insulating 

film, 
a gate electrode being formed on Said Semiconductor 

film through a gate insulating film, and 
an impurity region being formed in Said Semicon 

ductor film, 
a ratio of area or film thickness of Said heat absorp 

tion film relative to said semiconductor film in 
Said pixel part being adjusted to be larger than that 
of Said heat absorption film in Said peripheral 
driving circuit part. 

7. The display device in accordance with claim 6, wherein 
Said area of Said heat absorption film in Said pixel part is Set 
to 0.01 to 60% of the whole area of said pixel part. 

8. The display device in accordance with claim 6, wherein 
Said area of Said heat absorption film in Said peripheral 
driving circuit part is set to 0.01 to 60% of the whole area 
of Said peripheral driving circuit part. 

9. The display device in accordance with claim 6, wherein 
Said area of Said heat absorption film in Said Substrate is Set 
to 0.01 to 60% of the whole area of said Substrate. 

10. The display device in accordance with claim 6, 
wherein Said Substrate is one of a pair of Substrates being 
opposed to each other through a liquid crystal layer. 

11. The display device in accordance with claim 6, 
wherein each Said heat absorption film is provided in a size 
and within an area Substantially corresponding to a channel 
region of each Said Semiconductor film. 

12. The display device in accordance with claim 6, 
wherein Said heat absorption effect of each Said heat absorp 
tion film is adjusted by changing the area or the thickness of 
Said heat absorption film. 

13. The display device in accordance with claim 6, 
wherein an insulating film is formed on each said heat 
absorption film. 

14. The display device in accordance with claim 6, 
wherein each Said heat absorption film is made of a con 
ductive material Such as a metal or metal Silicide, or a 
Semiconductor material Such as Silicon. 

15. The display device in accordance with claim 6, 
wherein each Said heat absorption film acts as a shade. 

16. The display device in accordance with claim 6, 
wherein Said Substrate is a transparent Substrate. 

17. The display device in accordance with claim 6, 
wherein RTA employing a Xenon arc lamp as a heat Source 
is employed as Said heat treatment. 

18. A display device being formed by integrating a 
plurality of Semiconductor elements on a Substrate, Said 
plurality of Semiconductor elements comprising a plurality 
of first Semiconductor elements each having a heat absorp 
tion film and a plurality of Second Semiconductor elements 
each not having a heat absorption film; 

wherein Said Second Semiconductor elements are rela 
tively concentrated in a portion where a relatively large 
number of Said Semiconductor elements are provided, 
while Said first Semiconductor elements are relatively 
concentrated in a portion where a relatively Small 
number of Said Semiconductor elements are provided, 
in accordance with the distributed State of Said Semi 
conductor elements on Said Substrate. 


